Although it has been long recognized that H. arbutifolia contains cyanogenic glycosides, this is the first published report, to the best of our knowledge, of acute mortality in goats after its ingestion. Cyanide toxicosis should be included on the list of diagnostic differentials of cases involving acute death in goats where this plant may be available, including most of California and Mexico, and in Hawaii where it is cultivated.
Simple capillary electrophoretic determination of soluble oxalate and nitrate in forage grasses
Shigeru Miyazaki, Noriko Yamanaka, Keerthi Siri Guruge Abstract. A simple capillary electrophoretic method is described for the simultaneous determination of soluble oxalate and nitrate in forage grasses. Grass samples were ground and extracted with water. The extracts were filtered and submitted to capillary electrophoresis. Electrophoresis was performed in a 75 m ϫ 50 cm fused silica capillary with 30 mM sodium sulfate containing an electroosmotic flow modifier under constant voltage at Ϫ8 kV. Separated oxalate and nitrate were detected with direct UV absorption at 214 nm. The present method can be used for routine monitoring of the concentration of soluble oxalate and nitrate in grasses.
Soluble salts of oxalic acid, including sodium, potassium, ammonium, and acid potassium oxalate, are found in many weeds and grasses. These include Rumex spp., Oxalis spp., setaria (Setaria sphacelata), guinea grass (Panicum maximum), buffel grass (Cenchrus ciliaris), pangola grass (Digitaria decumbens), and kikuyu grass (Pennisetum clandestinum). The soluble oxalate concentration in these plants is sufficient From the Toxico-Biochemistry Section, National Institute of Animal Health, 3-1-5 Kannondai, Tsukuba, Ibaraki 305-0856, Japan.
to induce oxalate poisoning in grazing animals. 4 Oxalate reacts with calcium to produce insoluble calcium oxalate, inducing an acute syndrome with hypocalcemia soon after high intake of oxalate. Continuous feeding of oxalates in the diet can lead to nephrosis because of precipitation of calcium oxalate crystals in the lumen of the renal tubles. 15 Hypocalcemia induces mobilization of bone mineral. Prolonged mobilization of bone mineral results in nutritional secondary hyperparathyroidism, or osteodystrophy fibrosa, in the horse. 6 As for ruminants, oxalate is readily metabo- lized in the rumen by ruminal microflora. 5 Thus, ruminants that slowly ingest potentially toxic concentrations of oxalate are less affected. However, mortalities in cattle and sheep have occurred while grazing setaria, buffel grass, or curly dock (Rumex crispus). 10, 11, 14 The toxic effects of nitrate on ruminants are well known. 3 Nitrate is reduced to highly toxic nitrite by bacterial nitrate reductase in the rumen. 9 The primary source of nitrate exposure to ruminants is from the plants they consume. 16 Hence, the elimination of feeds that contain toxic levels of nitrate is the effective way for the prevention of nitrate poisoning.
There are specific methods to determine the concentrations of oxalate or nitrate in grasses. Thin-layer chromatographic 12 or gas-liquid chromatographic 13 methods have been used for the determination of oxalate concentration in grasses. Regarding the determination of nitrate in grasses, diphenylamine colorimetric method, spectorophotometric method, nitrate-selective electrode method, and high-performance liquid chromatographic (HPLC) method are common. 1 However, there is no report about the simultaneous determination of these 2 toxic anions in grasses.
In this report, a simple capillary electrophoretic (CE) method for the simultaneous determination of oxalate and nitrate in grasses was examined.
Tropical grasses, setaria, guinea grass, buffel grass, pangola grass, and star grass (Cynodon plectostachyus), were collected from the experimental fields of the Okinawa Prefectural Livestock Experiment Station, Nakijin, Japan. Collected grasses were dried by hot air and kept at 4 C until processed. Dried grass samples were finely ground in a motor-driven mill. One gram of sample was mixed with 100 ml of water and kept at room temperature with occasional shaking for 30 minutes. Extracts obtained by filtration with filter paper were passed through a 0.45-m filter before capillary electrophoresis.
Extracted oxalate and nitrate were analyzed by a CE system a with a 50 cm fused silica capillary of 75 m internal diameter. The electrolyte consisted of 30 mM sodium sulfate containing a 5% (v/v) electroosmotic flow modifier. b Samples were injected by nitrogen gas pressure at 3.45 kPa for 5 seconds. Separations were conducted at a constant voltage of Ϫ8 kV. The capillary was maintained at 25 C during electrophoresis. Separated oxalate and nitrate were detected by UV absorption at 214 nm. Between each electrophoresis, the capillary was washed for 2 minutes with 0.1 M NaOH and for 2 minutes with water.
Determination of nitrate in the grass by using HPLC was performed according to the Official Methods of Feed Analysis in Japan recommended by the Ministry of Agriculture, Forestry, and Fishery. Namely, nitrate was extracted with water for 20 minutes and the extracts were injected onto an HPLC column. c Samples were eluted with 10 mM sodium phosphate and 100 mM sodium perchlorate, pH 6.8, at the flow rate of 0.8 ml/minute. Separated nitrate was detected by UV absorption at 210 nm.
Changes of selectivity in the separation of anions by CE can occur with changes in the concentration of electrolyte. 8 As shown in Fig. 1 , migration times for oxalate and nitrate were prolonged because the sodium sulfate concentration was increased from 15 to 50 mM. However, the target anions were well separated at any concentration of electrolyte examined. Therefore, the concentration of electrolyte was set at 30 mM. The typical electropherograms of a standard mixture and the grass extracts are shown in Fig. 2 . Oxalate and nitrate were completely resolved from each other. There was no impurity peak around oxalate and nitrate in the extracts of grasses.
Concentration and peak area correlate linearly for oxalate and nitrate in the range of 5-500 g oxalate/ ml and 0.5-20 g nitrate nitrogen/ml, respectively. The linearity was expressed by the equation y ϭ 0.0019x ϩ 0.0042, r 2 ϭ 0.9993 (x, oxalate concentration; y, peak area), and y ϭ 0.158x ϩ 0.0135, r 2 ϭ 0.9994 (x, nitrate concentration; y, peak area). In the present analytical procedure, the grass samples were extracted with 100 times the volume of water. Therefore, this linearity guaranteed the determination of normal to toxic ranges of oxalate (0.05-5% oxalate) and nitrate (50-2,000 ppm nitrate nitrogen). Indirect absorbance detection is common for the detection of small amounts of organic anions separated by CE. 7 However, simple direct absorbance detection was effective for the detection of toxic levels of oxalate or nitrate in the grasses.
To test the efficiency of water extraction of oxalate and nitrate, the temperature for the extraction was changed. There was no difference in the efficiency of the extraction at room temperature and at 100 C for 30 minutes (data not shown). Recoveries of the target anions were determined for the guinea grass (sample 1 in Table 1 ) spiked with oxalate and nitrate using water extraction procedure at room temperature. Obtained recoveries of oxalate were 96.4% and 99.8%, and relative SD (RSD) values were 5.3% and 3.4% at 0.5% and 5% oxalate, respectively (n ϭ 3). Recoveries of nitrate were 100.2% and 99.1%, and RSDs were 9.2% and 2.5% at 100 ppm and 2,000 ppm as nitrogen, respectively (n ϭ 3). Therefore, water extraction at room temperature for 30 minutes was adopted for the present method.
To examine intra-and interassay precision, 3 tropical grass samples, 1 guinea grass sample (sample 1), and 2 setaria samples (samples 2 and 3) were analyzed. Three replicate analyses of the samples were made on each of 3 days. The results are summarized in Table  1 . Precision values of the target anions were satisfactory for routine monitoring of grasses.
The HPLC method for the determination of nitrate concentration in forage grasses is recommended by the Ministry of Agriculture, Forestry and Fishery in Japan. Therefore, nitrate concentrations of the grasses obtained by the present method (x) were compared with those determined by the official Japanese method (y). The regression equation obtained was y ϭ 1.0013x Ϫ 4.9719 and the r 2 value was 0.9903 (Fig. 3A) . The Bland-Altman difference plot (CE assay-HPLC assay) for paired means of the 2 methods 2 is shown in Fig.  3B . The mean difference between the measured values for these methods was Ϫ4.5 ppm nitrate nitrogen, with a SD of 34.3. The limits of agreement (Ϫ73 and 64 ppm) are small enough to eliminate the grass containing toxic levels (Ͼ1,000 ppm) of nitrate nitrogen.
The method was then applied to observe the changes in oxalate concentrations in 2 tropical grasses during their growth. As shown in Fig. 4 , oxalate concentration in setaria was high enough to induce poisoning. 4 The oxalate level of the grass was decreased progressively according to the growth. The nitrate level was also decreased because the grass grew under the present application rate of the fertilizer. Although oxalate concentration in guinea grass was not as high as in setaria, decrease in oxalate concentration during growth was also observed.
In conclusion, this assay offers a method of measuring both oxalate and nitrate in a single analysis. This may be effective to monitor the concentrations of soluble oxalate and nitrate in the grasses to prevent the poisoning brought by them.
